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ORBITAL MANEUVERING VEHICLE
TELEOPERATION AND VIDEO DATA COMPRESSION
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ABSTRACT

This presentation describes the Orbital Maneuvering Vehicle (OMV) and
concepts of teleoperation and video data compression as applied to OMV

design and operation.

The OMV provides spacecraft delivery, retrieval, reboost, deboost and
viewing services, with ground-control or Space Station operation,
through autonomous navigation and pilot controlled maneuvers. The
Flight Vehicle (FH) includes a payload/target grapple fixture and a
three-point attach mechanism for spacecraft servicing. On-board
propulsion is provided by control system (RCS) thrusters, and a cold-~
gas thruster system. The capability is provided for automatic, on-
board attitude control and navigation functions. Communications
systems are comprised of S-band RF command, telemetry, and compressed
video data links through the TDRSS and GSTDN networks.

For target viewing and/or docking missions, the OMV navigates
autonomously to the vicinity of the target vehicle. The pilot then
assumes control of the FV for final maneuvers by observing control-
console video monitors and commanding on-board thrusters, through the
use of hand controllers at the console. The commands are routed to
the FV through TDRSS (or GSTDN), and compressed video (from on-board
cameras) is returned through the same network to the pilot. The total
round-trip delay time is presently estimated to be 2-3 seconds.

The control console video monitors display a monochrome image at an

update rate of five frames per second. Depending upon the mode of

operation selected by the pilot, the video resolution is either 255 x

99



244 pixels, or 510 x 244 pixels. The system compresses the output of
one camera into a digital data stream at a rate of 972 kbps (kilobits
per second), or can interleave two camera outputs simultaneously into

one data stream at 486 kbps per camera.

Since practically all video image redundancy is removed by the
compression process, the video reconstruction is particularly
sensitive to data transmission bit errors. Concatenated Reed-Solomon
and convolution coding are used with helical data interleaving for
error detection and correction, and an error-containment process
minimizes the propagation of error effects throughout the video image.
Video sub-frame replacement (using the appropriate sub-frame in the
previous video frame) is used, in the case of a non-correctable error

or error burst, to minimize the visual impact to the pilot.

100



8861 ‘C AV

eLev-vvs (s02)
£933/04SKW
S3INOr " N3IAILS

HYLN ‘aYISMONS
dOHSHHOM NOISS3IHdWOD V.iva OIdILN3IOS
VSVN

-31vd

‘Ag

-1V a3LN3S3Hd

101




INJWHSIGHN43Y HLIM 3417 HV3IA N3L
JONVNILNIVIN 11GHO-NO 4O 318VdVD

(39VHOLS GINIVLINOO-413S) LIGHO-NO SHLNOW 3NIN
SNOILVHIdO ALIWIXOHd HO4 SOH SVH 4109

S1IM NOISSIN SNOIYVA 3ILVAOWWOOIV

SWILSAS DNINOOA Ld-€ ANV HOLDO3d443 aN3
SAVO1AVd Ol S3IDHNOS3IH QI LIWIT 3AIAOHd
SNYNLIH ADNIONILNOD HLIM AHOLOINVHL .D. MO1
SNOILVHIdO TVNI4 HOd TOHLINOD dOO1 IHL NI NV
SNOAZIAN3Y ? NOILVOIAVN JILVWOLNY

TOHLINOD NOILVLIS ANV ANNOHD ‘a3sva NOILVLS IOVdS
@371104LNOD ANNOHHD “(HIM % H13) ‘@3asvg IT1LLNHS

ONIMIIA ANV ‘1S00834d ‘1S00893H “IVAIIHLIIY ‘AHIAINIA LdVHOIOVdS IAIAOHd

AHVWIAINS SLN3IW3HINO3H ANO

102




GE IS
ALITY

ORIGINAL pa
F POOR Qu

(0

103




IS

ITY

ORIGINAL PAGE

OF POOR QUAL

104



ORIGINAL PAGE IS
OF POOR QUALITY




SNOILVIINNWWO)D INIWIDOVYNVYW VLIVQ
-+ _ "0%®ND ‘8Y NYO

. - ‘8€ NYO )
| SR A
- @ S ™~ sou

29NO ‘9 NY
Aoc .
-~
\\n, .
WSINVHIIW ONINDIO0Q

TOH1NOD H3IMOd @Wu VNNILNV
IVIIYL1D313 ‘8l NYO P/// . dvavy D

314dVH9 SWH
N 5 e D!
. LINIWIOVNYW
Ad3livd V1Va ‘L NHO
s nuo | .
5

“ TOYL1NOD HIMOJ
) 9w214129313 ‘YL NYO

37NAOW
NOISTNdOYd

’

VHIWVD
9 Z1d
A,

JauBUDUIRY MqIQ Uo 3A[qeu] (S,NHO) shun
wawaseyday jenqig pue ubisaq senpoly Aind

106




“TOYLINOD
TVYWHIHL dHOA
SHOLlviavy NHO
NOT43L H3ATIS

WSINVHI3IW ONINDOa
37ddVHO 378VANILNI

SLHOIT NV SYHIWVYD b&w_%uunw
ONINDO0a VA3/211080Y
SINIOd SOINOIAY
HOV.LLY WSINVHO3IW
ONINO0Q Ld €
IND 9
YHEN ¢
(S0d v)
NYO SN
SLNIOd
HOVLLY QVOIAVd

G343A3TNINVI

3 T7ddVHO SWH AWO AL
3719VvAO1d30

107

9pIS U0l = I]IY3A




ORIGINAL PAGE IS
OF POOR QUALITY




-

(S1d €) LNIOd b
HOVLLY AWO 3N2S3Y _,

ST
R Y % j..

M S A
WIS i
14 ~ Ly :
v S @s@\\@\\\s}’! \“_
4 \

AVHYY HV10S i

(S7d ¥)

S870eL — €L
INION3

LSNHHL 318VIHVA

(S7d v)
SIHOLVY
‘SNOINNNYL Wd

w7y,
37NaOW ,*\\“wx\\\“\\“““&“www\\\%
NOISTNdOYd ﬁ/sﬂw\\\\%\w\\%
1NV NIVD 1\ oy INVE"S
HOIH ONVE-S o | *aNV8-1 549
) 'INWO TVNQ

(s7d )
HOSN3S NNS

‘LNV Hvavy
378vAO1d3a

109



>
2F
w
s
a3
.

=&
Z0
O 0.
R i
&




ORIGINAL PAGE IS
OF POOR QUALITY




HOLI3INNOD SSINHVH
avolAvd
d3H3A31ILNVYD

SLHOIT ANV SYHIWVYI AL

HO193443 AN3 3IHL NO

IVIISKN IVIITIBAN TVIIHLD313

ONIDVdS
93q0ZL (..LZ HONOYHL
1V ONIY 378V10VHL134—319VANILX3)
JHL NO HO193443—aN3
mmmwno._oeh AdAL—SWH
W3LSAS HOVLLY SLHON
AVO1AVd 3dAL~SSH W SVHIWVO AL
(431dvav

ONINI0Q INIOd—E HO4)
370410 L7108 "NIi 59

(SAVOTAVd QIHIAITILNYOI HOL) 3T0HID L1089 ‘NI LLL

SNOISIAOYd ONINO0A AVO1AVd

112




G91/08LL 0006 G91/0811/0006

0999 Govlil G9081L
0998 Sovy G90L}L
GLES Gove 0CcLL
GLes gele oveL
A"S Wd AWO

(.8.1) sayouj 9/1
sayou| L2

(CNoauejjadoidouopiuejiedoadig)
juejjedold “xew

[ind

wnwiuin
WyB1aM uojIssIN
(sjenpjsal "xew yijm) jnoulng
(Waoy uum) Adwg

113

(spunod) Atewwng 1yS9Mm

lalawe|q
YIPIM

l
SOILSIHILOVHVYHO NOIS3d




EIS

NAL PAG
OF POOR QUALITY

[\
i

ORIGH

114



HOLVOOHYUIINI &
GVOTAVd HONOYHL
ONIHOLINOW/ONIAVS

avolAvd

TOHINOD :
ALIKIXOHd, 3

> 000d

Y

NOJSVN

-
nd
-
-
-
-
-

AH1IWII3L
10HINOD GNV
ONVHIOD

H31IN3) 1HOddNS SNOILYHIdO

obo)

115



eowey iy |

— /peojAey —‘J
paydeny
8 NDA
_ 3 wuts | [¥ 1A _
— vV  enwe) sonvo) 1
eIy LLUPRIETIT (Vo) ]
X AL Z)wn
__ a 03PIA cc_-.u_.uano —
]
o s1y61) oPIA _
| SuiydoQ ﬁ | (#3501 v 10N 81
| _ AL U3um) e
d W
_ rE—..”.n H\ﬂns _ - —I (31un yoe3 o) sjevueys .lu
— 8 Y wwe) .AL — — - gnyA —
_ wooz _ _ -M-Ul 2 v awun _
| 1 ] r-l< 599 uoNINANSUOIIY —
| e< 60 “ , I e oov.> _
sy — —
_r L llouc.lx”ow — “.u.n”.w“n. —ll 27 110ddng -:o..:oao
- 0 TTTTY et
8 g
_ alal MH — _ oy pryTe _ Jaaaday
_ Yan | eee Yan |1 “ nyo |°°° o “ wm.u
— * * — oo — dwy
_ _ (svepunpay Moy
| S | | | Aljeusnvg) MSI
Ny 22¥ndwo)
| v | | | preoquQ
— _ Ny | | _ uIquon
aNnd Olpey
>:»Eo_n.-.‘,v nnsves
L v N ; G m rl.v
uewwod I jeawd  [Femiamar Pl M5
— L
spurwwWo) JanINY M

W3ILSASANS WA3)

116




IN3INW3OVid3H
ANVH4-8NS O3AIA HONOHHL LNINNIVINOD HOHHI -

ONIGOON3 TVNOILATOANOD -~

ONIAVITHILNI TVIITIH/ONIAOD NOWOTOS - a33H -
NOILO3IHHOJ/NOILO313ad HOHHI e

ANOD3S/SINVHA S 1V a3ivadn IOVWI O3AIA G31O0NHLSNOIO3IYH e

ANITNMOG OLNI G3AVITHIALNI ViVa ONINIL GHVO8-NO e

NOWLNTOS3Y O3AIA S13Xid v¥e X OIS
1NndilNO VH3IWVDI JTONIS -

(VHIWVYD HOV3I) S13aXId P2 X SSC :NOILNTOS3IH O3IAIA
WV3HLIS VYLVa OLNI G3IAVITHILNI SINdLNO VHIWVD OML -

NOILVHIdO 3AOWILINNW @

SdaX 2.6 = ILVH JNITNMOAG viva d3asSS3HdWOO e

NOISS3HdWOD O3dIA ANO

117



